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PURPOSE:To provide a p-n junction type blue LED(light-emitting diode) have a high light-emitting efficiency by obtaining a p-type positive hole 
injection layer. 

CONSTITUTION:On an n-type GaN crystal 13 formed on a sapphire substrate 11. a super-lattice structure is formed, where p-type conductive 
GaAs 142 and GaN 141 are alternately formed in multilayer. A positive electrode is fomned on a super-lattice structure 14, and a negative 
electrode is formed on a GaN crystal 13. 
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fi«:*LfeG a A t tfettpfiUfflft^LfeG a P t G 

GaPi:GaNt3SSK««Lfe«i6±KiE««, giTie 
G a N«atcA«l6«^fei t ft|«8i:-rsi83tjR 

aNUa. «J:tfpfiaHSI:WLfeGaA8*fea:pfi 
«®8:«UfeG a P kG a NftSSKgH LfeHifti: t 

(■*«3J GaAa»SJ:»CAlNtGaNj!fettA 
1 NfcG a A 8 tfettG a NfcG a A 8 iXSKlWi L 

Wl/feGaN|S£|:«L. SJEngaHiftSLfcG a N 

LfcG a P t G a NfcJStctMi LfcHiSk t«itfei 

[»««4J GaPSfiJblcAl NtGaNtfettA 1 
Ni:GaP»fcttGaNtGaPfeSS»C«iL.fellifi 2 

GaNSfltWU ttKne«St«LfeGaNIS«± 
»Cpe»a!«:*f LfeG a A 8 *fettpfilBJfe:t LfcG 
a P t G a N tr3^»c«l Lfe«iii: fc«jlfec k 649 

[IWW5J MOVPEttJCjiySi.ftnfi^FIJtttL 
fcnfilB8GaNtt4fc»jatixat. ^nfiSS 
GaNI9*±lc, MOCVD«»Cj:»JZn«fcttMgft 
pS^lfittk Lfepfi^fiGa A 8 «fcttpe»»G a 
Pi:GaN«:3SSlC«»LfelliaS:»sW«xat. « 3( 
BG a A 8 tfcttG a P k G a N ftSESliWi L feUifi 
±KiEmi. fifEGaNI94lCft«flift»rt-r«iak 

W*«6] •»-7T-rr»fi±lCA 1 N*fettG a N* 

fettGaA8wr*t»*f*xak. mamM±< 
nfiMii^rLfcG a N«aft»«art-«iaft«itfcc 

fB««7] •<»'7T-rT»fii:tcAlNkGaN*fctt 
A 1 NkG a A 8 *fcttG a NkG a A a tSSlcWi 
Ufe«iS©«tlfe}ftWaxak. IJB»«Jf±lCn 40 

emiULka a Nii»fcjgjiar«xafc«iLfci k 

(H««8] GaA8i|«±»cAlN*fea:GaN*fc 
140 a A 8«|f*«:»/ftt «xak. Wie«BJf±JCn 

ei®t*LfeGa Ne4fe»tirt-«xai«iLfcck 

t:««k-r«B«?|5C!>J6i(6*?«»t)5rtt. 
[a«99] GaA8ll|g±»cAlNkGaN*fcttA 
INkGaAatfettGaNkGaAsfcSSJcaiL 

fe«jS®«B«i:»«f«xak. tmama±K.n& 

»fflft«L>iGaNeafc}Bdtr4igijijtfcckS 50 


2 

IH««1 OJ G a Pjtfi±tcA 1 N*fcttG a N«A- 
ttG«P«M«:»*rftxak. WEMfJiilCnfi 
il®fc*LfcG a N«4S:Jgia^4xat«iLfer k t 

IB««11J GaP«g±tAlNkGaN«fettA 
1 NkG a PtfettG a NkG a P tSSklSJi 
ifi«8ffl «r»l«-«xak . tf8Ea»Ji±lc n 
l:*LfeG a N«4ft»*j-«xa*«iLfcC k «;4$tt 

[0001] 
[0002] 

[flWfflatf] «fi. «^^^f■^t•«k•«T'^•A:?l/- 

ir^*-\i i&rf. LEDkiBT. ) <!98«8*<a«lvr 
V^«. in-V»ffb^*M!«<*r?*4GaNtt. A>K¥ 

kUT«»*JvTk^«. -«tc. XltS. »a»<01|ft 

LEDSr^f^feAlCtt, C*l,6<!)«tfic;pietttai 
iDLTfia^CWHSer^cvv P-ntt^Hififr^A 
•f«4a!««*S. LA'L. GaNttfiffttfiDpSea*? 

[0 0 0 3] -tr-e. ^<!-C»C. MIS (Metal-Insu 
lat«-S<mcoiiductor) HiStC J: SlIftL E DO«W*5 

fek®«#t,t><o*>*4 (##3a» : S.Naka«ira et 
al.;i;+/<--X- i/+-^yi/.;j-y. y^^^fic. ^ 
-Ci/'J'A Jpn. J. Appl. Phys. 30(1991)11998., H.A 
■ano et al.:7-/5-f K- ^^i/'i'A- U^i-X App 
1. Phys. Lett. 48(1986)353) . 
[0004] fiaWkL-C. GaN«f»:Zn^lS«fc« 
inUm^lvfeM I SfiWftLE D®«jS6B6 tcs^ 
r. Sltt^^T-rr^fi. 6 2ttSi tK-:/Lfcn 
fflGaNxif#*v*yuJl. 6 3ttZntK-yL/fc!i 
lKtGaNxt^*#.>^.;u^. 64ej:tf6 5tt-en^ 
*vAufe^l^AuSn«ttT*«. C:®M I SBifitCJi 

[0005] 

(1) Zn-^MgW^iettSGaNflUcaaniLTt. * 
t 'J 7«* p ~ 1 0 "M-»JgU:<!«lffl±+i^)i: iETLM 

(2) (£«OMIStiifi-C4l6n&«ft)Bta«l>«ffi 
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t. 

(3) ^(^ui smivimma)M\^^<m^^ ^jr<n 

(4) ilfiiC^f77>r7, GaAs, GaPJfciffcffli^ 
(0 0 0 6] -tCT*lMit±. »*«<0*-v»J7CD^ 
10007] 

(1) ne«Sfc«LfeGaN«»±JC. pCSg^^ 
LfeG a A 8 tfcttpfiaHSftli LfeG a P i: G a N ft 
SES^mtfcHifift^U IffiSGaAst^tlGaP 
^GaNft££k:mU^flifi±U:iE<fli, ^GaN 
ei A«« ft «iLfc«*«^i: -r r i: r * * . 

(2) GaA8^tfii:^CAlNi:GaN*fcW:AlNt 
GaAst^ilGaNhGaAsft^^ML/^HiS 20 
ftWL. ^SS(CMUfc«iK±^neS9ftWU/^ 
GaNlSAft^L, W13nfi9Sft«LfcGaN|iA± 

»C p &||Sft^ L/^G a A 8 fcU: p eSSftW L AcG 
a P i: G a N ftSStcgW L fclKt i: ft«iLf-«>fc«^ 

(3) GaP»fti:tcAlNi:GaN*feltAlNi:G 
a PifcttG a Ni:G a PftSS^CWiLfeWifift^r 
U 8}1S5SL£^mL^cllifi±iln€ciie9ft«L:^Ga 
N|SAft«L, ttGnaaiSft«L^cGaNlt[A±»Cp 
ei^ftWL^GaAs t^ltpfiSSft^L&GaP 30 
tG a Nft3£StC«lLfclliat iM^it^^m^tt 

(4) MOVPEa4Cj:»jri^ftnffF««i:Lfcne 
SSGaNtiaftJMtr^Xa^. MGneaiSGaN 
ttAJiiC. MOCVDtt»Cj:UZn«;^ttMff ftpSI^F 
IGttI: L^pfimO a A 8 tfctt p&OSG a P £:G 
aNftXSJClML^IIiSft»*r*xafc, friEGa 
A 8 *fett:G a Pi:G a NftJSCWf tfcl|jft±CiE 

VS. neGaNitAicA«flift«i»r^»xa^ftffiL 

[0008] 

H¥m (1) 7i^-fe'?^3»^«ttftGaNa*«^cawni 

Ur^, *1'yrM[p-10*»c«-»£U:O3l5ffl^£& 
iE?UttjW§e>n)5!i>. *»5iftlfca+eGa a - 
8 JJfcttG a Plt»W;MOCVDftftt,^i>rTi^tr:/ 
^"^«*ftaailrt"4ci:k:<ku+^JiiE?LM[ (p- 
10"c«-») m^ti^tmK. *»5ifiD«iSCDJ:i 
CG a A 8 fcG a Nft^^^cW■Lfe*M^#F^liS 
tfettG a P G a N ftJESiCWf Lfc#«JI^#FII 


»-C8 0 0ni)i^^»3 4 0n«tTffiftft<k-et«». LAcA^ 

(2) GaA8i:GaNft3!S^WiLfc#M^#F 
«i6*fcttG a P a:G a NftSLStcWi Ufc*SJ|^# 

(3) pffl»ft*««9^#F«xSi:-rew4:iCj:y, 

(6) *e»3^i:«)«^x/<^^-^3tx>'<-<7.ft»diLfc 

GaAaftXfihtrffiv^irtT, WflLEDiicn 

X^3tx>'<>f X mXttQ a A 8 F E 
T) i:C0««{bftBll8i:'r«i. 

(7) j^Kl^yy-fr. GaAs, GaP^iifftfflv^ 
rti, Sft«Lfc#ff«lifi^<i:Ulft^^F«^S^ll&K3S 
fiHK«iCj:i»ift«fDt?t. »iSrjrc;Dxt^4r#2/ + A/ 

[0009] 

[^M *9^0mi(D^«i^mm^itr5\,>xKm 

ti>. mi (a) (i, GaNWfiLEDCDffiSfffMaft 

1 itti^7 7-rr«s. i2ttAiN«M, 1 

3itS i K-:/nSGaNjf. 1 4t±Z n K-:^p SG 
aAd/GaN»fr?-Jir&S. GaAs/GaNfl* 
?-Jll4ft«b£1'^Ga As 141i:GaN142C!)j| 
»W:ir*»e»t*limi:Ufe. G a A a /G a NjB*^Ji 1 

<^imS«<^R«(C|K$r^fcSb, GaAs^^J:t;Ga 
N<0**©«Wft«^4Ci:fcJ:or. 

y yftaaam-CttS O Ona;&^e» 3 6 0M*TR{fT? 
« ^. 1 4 CDS^&d^^^Ibdtti, 

4 4 0nai:?5:-3fc. S Hi^X^ZnWXitth^l X I 
0^*cm'*tLrz. 15*)J:t;i SUtnHpnAufcit/t 
Al«S-?d&«. 

[0010] Ga As/GaNJfl4ft«|«"f «>Ga A 
8114 liCZnftjfttnrr^^^. GaA8Vl41(lp 
BMmtt^^). GaAs/GaNjB»^114tCt»H^T 
W:iE?L?&^*-y »JT4:Lr«< J:^^c?5c^. nffiGaNJi 

1 3 t?,J;i;j8tt^iai 4 t-C/O K4f^ y yx:^;u^ 

«|]&^^^>. 4:^(Dl|]SCD>'<>K0ftai (b) ^jgt 
1". «^cr)Au«fil5flCj£. Al«Sl6fli^A 
^'^-TT-^ftdntit, S i K-:^nSGaNll 3A^e> 

2 n K-:/pSG a a s /G a Nfift^l 1 4 U«^3^ 
?iASn, PatCZn K-yp^GaAs/GaNiStt 
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^Jil4d^^Si K-:fnSGaNJil 3iCiE?L***aA 

> K 4f y ^ttC a Njf 1 3 C0^<> K ^-^ y U 
^fv^fcJt), iSt*iCGaNH3:^eGaA8/GaNjB 
♦S^«14>C«^;&^Sn. GaAs/GaNfift^ 

tiifil 4 ^a««cD«'7-sj:a5^A9t:i&it) j^n^i. 

4 4 0^aO9|V^»fiSIA;&%aiC^V>r»^n^• 

[0 011] f»ioxs<o-«fca2ftffiv^ria 
(jar, MocvDtEr. ) ttfcafflt 

fc. *rH2 (a) ©1f7T-fTj|fii:lCl l±tCAl 

Naw«i2ft»rtb (82 (b) ) , -tcoasi K- 

:/nSGaN136«dKUfc (B2 (c) ) . Itfitt 

(0001) ^7 7-fritfi^»v>fe. T/i/^-'iFAflO 

IRRiiUr hUji'^A/yvn/^^'^A (TMA) , iS^}0 
ACD«»i:brK»J>f-yi/^U'!7A (TMG) , BilCO 
lB»i:bTT>^-r {NH3) fcffivv *-ytJ7^;^ 20 

it, i/^> (SiH4) feffiofc. *-f, ^7 7^7* 
«lli*3WMI«, lOOOr-CMOCVDSiS^Prt 

r. Asad[iooot:-eAiNSSJfi2 6»A-r 

^. TMA*Jit;NH3(0#«&a«tt-tn-Fn5 X 1 0 30 
■"m o 1 /m i n 1 3 X 1 0"*m o 1 /m i n i: Ufe. 
IB^ilittt±2 1/mi n£:U^. 9c(CTMG, NH3 

s*t;siH4t:aaPrtic»AUT. rtjauEioo 

Or-CSi K-'^nfflG^N)I13fc»*r*. TM 
G, NH3SJ:tFS i H4tiD#UftSS(t'(n-Fn 5X10 
-■mol/min» 3 X 1 0-»m o 1 /m i n J5J:^1 
XI 0"*mo 1/mi ni:L/fc. 
[0012J *^CB2 (d) iCiS-r<J:i^C. TMGi:r 
;UV> (A8H3) (ffll^TpSGaAsifl 4 1 (In 

TMG^NH3t:ffiv>TGaNj|14 2(lna. jRff 40 
^AftXaSttM"* r i: k: J: U XSk: 2 0 0 ffffiAIld 
Itfc. pSGaA8ll4 l/^<;DKw<vh"C*iZn 

<oa(»tcrti;>tf-;i/fiie (dmz) ^ffli^fc. psca 

A8JI14 liC^UTti:. TMG, A8H3£<»:i;dM 
Z<D«l«Ulli-tn€n5xl 0-*mo 1/mi n. 1 
X10-»mo 1/mi n SJzl^l X 1 O'^'m o 1/mi 
ntUfc. *feGaNjfl4 2U:»tTtt, TMGiiN 
H3<^«»a*tt-tn-f nS X l O-^m o l /m l n , 
3xi0-*ino 1/mi n4:Lfe. miS»0««^fXfc 


6 

GaAsH41^GaNJ|142 C!)#i|«ifiCD^ja ^ 
ffofc. GaAs«14 l<^aft*?J:t^GaNH42 

«)tciO«ffll<^)**^X(0/<-y^fct*^l:f, ^t<Dtl 

(0013] -K0aB2 (e) \Lwt^^<kM^^^ 
A 1 0£MMI^<^ U««l 5S«l:t;i 6 fej^jALfc. 
L E DflDHiStt^ 7 7 >r r»fi A'>l|»«re* * C 4: 
miitZn K-:fp9GaA8/GaNSI»'^JIl 

y^Vif^Cj:y, S i K-'^naGaNjfl 3a;-exy 
^>i^tfc. WWZnK-ypfflGaAs/GaNa 
»?Jil4iCttAu 15, Si K-'/nfiGaNjfl 3 
iCttAl IGftffli^fc. «IMkJWWxi^4i#'>^yi4i 

K9>fxy-f-)i:iffeJ|v^T 
*rSffiBI<bfli& X y f- >^fiy^ L }^cft C«S fi:«JA 1/ 

[0014] Cr-e, pSGa As)fl4 1 tG ftNl 
14 2(0HW&lna4:Lfc;!>\ «^?««fcW-r«»«Hrt 

ti-ent^iWiK it c ti oii6-e* a. 

[0 015] ft, *««<;DJB1, »2(^IE»«tcSv^ 
r, J6«iCi^-7 7^7»fi&ffil^fc;&\ nSGaAsifi 

10016] HRic, -»f7 7-r7»ai««r*y, * 
fc-9'77>rr±^ci I i-vjRiW««i&««-r4iB* 

6nett*fc^ 7 7 -r T«ft<oft*» y ^cfflv^ i r i: j&^w 

"9-7 7>rTl9a4:tt^S»;Wfioi:t^e»;S-C 
ttGaAsA^&^TJbU. Mn(^t»«L^;&^S«-edb 

;0>e>tiG a A aeA;^^^ LT^o i:^^^#it ^ 

tfc, GaPisA^iifiofimiiUT^a'CJD 

1^7 7-rTI94J:UfB»iC^iCA«>Ga AsiSfii 
«V'&r^^<):U, B10Xtt«f|k:i3KLfc4ltfi6GaA 

[0 0 17] B3Ct?V>Tlt, GaNHftLEDCOHifi 
BfSB&iit'r. 3 1ltGaA8j^fi, 3 2tiGaA8/ 
G a NiBtt^iaaSii. 3 3tJ:Si K-:/nSGaN 
34ttZn K-:/pSGa As/GaNSft^^T 
GaA8/GaNjeift^l3 2£>^J:r;34 
r 4 G a A 8 3 2 1 1 3 4 1 i: G a N 3 2 2 i: 3 4 2 
l»tt-r/<TlMtLfe. GaA8/GaNj8»^«3 
4C0«Bld^<>K^^ y7^#F«i?<ttfli»i<^B»» 

v^mth. *3E6Mrcti«»^i3 403Ba«^/«fl5i 

flit, 440n«t^ofe. »«tLrBirtt:'t^7 7-r 
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7»tBl 1 Irfflv^TV^*;^?, H3lCi5^-r<k'i tCG a A s 
Xfi3 1 f^mt L/TG a A 8 /G a 

N SKH^ Jl 3 2 & G a A 8 IMS 3 1 ^ S i K *- n S G 
aN13 3i:<onBtc^aESl*:*zt-e, ♦W'^FB^*^ 

iSxl^^#i/^;Hiii;»^i|li. rflDGaAs/GaN 
8tt^lfilfJl3 2 6«i^2»£:, -ecD^COSi K'-':fn 
fiG a NJI3 3C0te<S«Stt 1X1 0^cm'*tmif>X1t 

lXlO"c»-»i:Lfe. 3 5*?J:t;3 6tt-tnHrnAu 
£J:t;Al«S7«^. GaA8/GaNj|34&IIA 
'r^GaAsJf34 1CZn&fttarre£:, GaAsJI 
34 1ttpfiii^i:;^»j. GaA8/GaN8«'7-J|3 
4 tcSv^TttiEJL;*^*-*' y r t Lxm< J: d UiJio fc. 
[0 018] 4E!raCDAu«a3 5fliCIE. Al«fi3 
Sm^K^U 7 X^fS^\^ it GaAB/GaNa<fr?- 
Jf 3 4 <03Bai«M<> K^-y y -/ttG a NJI 3 3 > K 
=^-yy::^J:y/J%«V>fclC>, St>tCGaNjI3 3*»^Ga 
As>/GaNj6tt^Jf3 4iC«^;&^$n. GaAs 
/G a N»miia3 4 ^CiS«flEO«^t?<kt;*^;&« 

^-dx. aMi#si4 4 0n«<09fiv^»ft»6**«aK:isi>r 

[0 0 19] 4^«|-e(tnSGaN«3d«fcUA 
«S&^ofc;6V GaA8ftfi32CnSKfi&^ti^' 

[0 0 2 0] 9c^3tE«^(;DS4 0Xig«fiTI&&8iicr)X 
SC0-«fl&a4 iffiV^TK^rd. t-r. GaAsS^ 
COOKUi&M^L^ctt. B4 (b) GDJ:^^MiLifMO 
CVD^^^^JOatiUl^it, tirH4 (a) CDGaA 
8 K£i:iC 3 1 ±iCG a A 8 /G a NjBtrMlffil 3 2 
ft»*L (H4 (b) )T -tflDttS i K-:/nfiG a N 
3 3&H^aL^ (84 (c) ) . ftlSti (0 0 1) G a 
A 8 jKfifrffiV^fc. tlTG a A 8 /G a NStt?«ff Jl 
3 2ttTMGi:rA/l/V (A8H3) fc«t>TGaA8 
V3 2161nB. TMG£:NH3&ffiv>rGa NJI3 2 
2l:lnm. fl(»i5f:XftSffi«|«'*Ci:C J: »JXS*C 5 
OmeOll^-tt^. GaA8l3 21(C^l>rii. TM 
GtAaH3O«IMUitt-tn€n5Xl0-»ino 1/ 
mi n^: 1 X 1 0"»mo 1/mi n, *fcGaNj|32 
2tC^LT«:. TMG^NH3(0««Miaii«n-F*l5 
X 1 0"*mo 1/mi n. 3 X 1 0"'m o 1 /m i n t 

^n^#yrr«rh^J:yGaA8j|3 2 1 ^GaNJf 
3 2 2(0#l«|]S(0ig£&»ofc. G a A 8 ff 3 2 1 
^S<l:i;GaNj|3 2 2(0Afi(0£f«>e>C0ttCt>, ^ 
rD|?lffi(OaJtttftltrfr«?)tCl O8ffl!<O*«J!fA0^< 


8 

{PICO J: ^ KIG a A 8 /G a NSft^Mil 3 2 ^if^^-r 

[0021] »icH4 (d) ^Cj^-Tcfe^C, TMGt7 
(A8H3) &fflV>rp^GaA8jf 34 l&ln 
TMG^NH36fflt>TGaNj|34 2fr Ina. IKff 
3tfA4SES««M-6Zi:CJ: U JSStc 2 0 0«ffl^5 
Itfc. pfflGa A8Ji34 l^^K-^'OK-CJbi^Z n 
10 CDirffiCU:£/>f->l/£iQ (DMZ) pfiGa 
A8»34 IC^tLTtt. TMG. A8H3^<kt^DM 
Z<D«l«»tt:-tn-f^5xiO-*mo 1/mi n, 1 
X 1 0'*m o 1 /m i n S<l:l^l x 1 O-'m o 1 /m i 
ntUfe. «feGaNJi34 2^C»l/rW:, TMGfcN 
H3«>flttMUItt-tn'Fn5 X 1 0-»m o 1 /m i n , 
3X1 0-»mo 1/mi niiLfe. r «)IB%* G a A a Ji 
34 1 «DjSJI£^ t/G a Nff 3 4 2 Og»<r> ^ti 6 CDft ' 
ic^, ^xa||ffico«J*ttt*rfc«?>^clO»W(**« 

20 fc. 

[0 0 2 2] •t<oaH4 (e) ^Zmt^t^AM^^X^ 
A 1 CD±Hli«C<): y«a3 5^^J:t^3 6 ^J^AUfc. 
«ait Z n K-'/pSG a A 8 /G a NiSK^JI 3 4 CD 

7 h U V 7 -< v^r SS:tt>r ^ > X y 
>^f^cJ;y, Si K":/nSGaNji3 3*"Cxyf^> 
i^bfc. mMit Z n K-'^P SG a A 8 /G a Ngft^ 
Jf34U:ttAu35. Si K-3^nSGaNJi3 3^Cti 

Ai3 6fcfflv^fc. $e^c:c-et>^»S^fBxtf3i 

[0023] CC-e, pa!GaA8«341^GaNJI 

[0024] $e»^«litdLb2CDJ:^^nSGa As j( 

t LTA 1 NtG a NtfcttA 1 Nt G a A 8 feSSiC 
MLfcffiSfcffiV^fcU. H^AIN. GaNtfcld:G 
aA8fcfl|l^*C^t)-Ct6. 
[0 0 2 5] BSkijj^tJ:-^^:, fe^*^ 
i:tf)«^A-<A^r/<-<7.fe»^LfcG a A 8 
fitLTfflV^&rii-C. «feLED5 1i:rne>(^«^ 
T^^U ^"^^T^U ^ (tf!iLWrGa Aa FET5 2) i: 
<0««^tfe^Tt6a:1"*%>flOr*^. GaA8FET52 
(tUftLEOS l(OHB@ISk:ffib>TV'^». 
[0 0 2 6] $9Hlia)X»MCSV'T^UI'7-#FJfl: 
llfiM-«>Ga AslC^36'*t»yc. GaPltfflv^T, G 


40 
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(6) 


«5I¥5"24 36 1 3 


9 

a p/G a u^MM^i^pt bx^mvimiim^v 

[0027] 

(H3] *WBCD»3<0l5««-e*3»«ftLED<D»fffi 

a 

[H4] *Wa<O«4®55««T*^»ftLED0ttS 
xSHrffiH 


1 0 

(05) *«^(0»6(7)MS«-C*i»ftLEDi:Ga 
(86] G a NifliV^fcfiKCM I SIKSL E DCOWifi 

12 AINMCJI 

13 Si K-tfnSGaNJi 

14 Z n K--^paG a A « /G a Nfitt^Ji 
10 15 Au«S 

16 Ainm 

31 GaAsSfi 

3 2 GaAs/GaNSM 

3 3 SiK-ynfiGaN* 

3 4 Z n K-:/pSG a a a /G a NjBtt^Jf 

35 Aul 

36 All 


II] 


[02] 
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^§91^5-24 36 1 3 


[03] 

34 Zny'7F^(kiAs/6»Hm%»M 
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5/ 



7^ 

3f 


[94] 


(a) 
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(4L) 
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